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ABSTRACT: The increased rate of sugarcane harvest without previous burn has provided a very favorable
environment to the froghopper Mahanarva fimbriolata (Stal, 1854), with high moisture and low temperature
variation. Few works have studied the response of sugarcane to this pest, so little is known about resistant
cultivars. Plant phenolics are widely studied compounds because of their known antiherbivore effect. This
research aims to determine if the attack of M. fimbriolata nymphs stimulates the accumulation of total phenolics
in sugarcane. The experiment was carried out in greenhouse and arranged in completely randomized design,
in a 3 ´ 2 ´ 4 factorial with three replications. Second instar nymphs of M. fimbriolata were infested at the
following rates: control, 2-4 and 4-8 nymphs per pot (first-second infestations, respectively). Pots were covered
with nylon net and monitored daily to isolate the effect of leaf sucking adults. Leaf and root samples were
collected and kept frozen in liquid nitrogen until analyses. Infested plants showed higher levels of phenolics
in both root and leaf tissues. In roots, the cultivar SP80-1816 accumulated more phenolic compounds in
response to the infestation of M. fimbriolata. On the other hand, higher levels were found in leaves and roots
of control plants of SP86-42, which might be an indication of a non-preference mechanism. The increase of
total phenolics in sugarcane infested with root-sucking froghopper nymphs does not seem to be useful to
detect the resistance to this pest.
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INFESTAÇÃO DE NINFAS DE CIGARRINHAS-DAS-RAÍZES
ALTERA A QUANTIDADE DE COMPOSTOS
FENÓLICOS EM CANA-DE-AÇÚCAR
RESUMO: Com a intensificação da colheita mecanizada da cana-de-açúcar sem queima da palhada, a
cigarrinha-das-raízes Mahanarva fimbriolata (Stal, 1854) tornou-se uma das principais pragas da cultura,
favorecida pelas condições de umidade e baixa variação de temperatura do solo. Poucos trabalhos são dedicados
ao estudo da resposta da planta ao ataque deste inseto, dificultando o conhecimento de cultivares resistentes.
Os compostos fenólicos são muito estudados por sua ação anti-herbivoria. A presente pesquisa foi conduzida
com o objetivo de verificar se o ataque de ninfas de M. fimbriolata induz alterações na quantidade de fenóis
totais em cana-de-açúcar. O experimento foi instalado em casa de vegetação, com condições de temperatura
e umidade controladas, com delineamento inteiramente casualizado em esquema fatorial 3 ´ 2 ´ 4 e três
repetições. Ninfas de segundo ínstar de M. fimbriolata foram inoculadas no sistema radicular das plantas, nos
níveis: controle, 2-4 e 4-8 ninfas por vaso (primeira-segunda infestação, respectivamente). Os vasos foram
cobertos com tela de nylon para isolar o efeito dos adultos, que eram mortos nos monitoramentos diários.
Folhas e raízes foram coletadas e congeladas em nitrogênio líquido até a realização das análises. Plantas
atacadas por ninfas de M. fimbriolata apresentaram maiores teores de fenóis totais em raízes e folhas. A
cultivar SP80-1816 apresentou-se mais responsiva ao ataque das ninfas em raízes. A cultivar SP86-42
apresentou maiores teores de fenóis em raízes e folhas de plantas controle, podendo ser um indicativo da não-
preferência dos insetos por esta variedade. O teor de compostos fenólicos parece não ser um bom marcador
para identificar genótipos de cana-de-açúcar resistentes a ninfas de M. fimbriolata.
Palavras-chave: Saccharum spp., fenóis totais, metabolismo secundário, interação planta-inseto
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INTRODUCTION
The froghopper Mahanarva fimbriolata (Stal,
1854) has become one of the major pests of sugarcane
crops in Brazil with the increase of harvesting without
previous burn. The litter left on the field, with high mois-
ture and low temperature variation, provides favorable
environment to the species.
Froghopper infestations are positively correlated
with high precipitation and soil temperatures, which in
Sao Paulo state take place from November to April (Gallo
et al., 2002). Froghopper nymphs feed mostly on root xy-
lem, possibly causing water and nutrient deficiency and
general metabolic disturbs in plants (Gallo et al., 2002;
Hagley & Blackman, 1966).
The resistance of plants to insect pests involves
many chemical factors and may occur under any situa-
tion or be induced (Nutt et al., 2004). Phenolics, a group
of secondary metabolites, play very important roles in
plants such as protection against environmental stresses
(Hahlbrock & Scheel, 1989).  In regard to insect-pests,
phenolics act as digestion inhibitors, and producing free
radicals (Appel, 1993).
The chlorogenic acid, a cinnamic acid deriva-
tive, and the rutin, a flavonoid glycoside, are models in
the study plant antiherbivore defense because of their
wide occurrence among higher plants and well-known
toxicity to insect pests. Oxidation of chlorogenic acid
yields quinones that covalently bind to proteins and
consequently limit their availability as nutrients (Fried-
man, 1997). This may also result in the formation of re-
active oxygen species (superoxide radical and H2O2),
which damage nutrient molecules such as lipids, pro-
teins, and nucleic acids (Appel, 1993; Summers &
Felton, 1994).
The characterization of the types and amounts of
phenolics in response to herbivory is important to under-
stand the interaction plant-herbivore, and is useful to de-
velop new control strategies and to plant breeding pro-
grams focusing on resistance. To date, very little is known
about the physiological response of sugarcane to M.
fimbriolata. In this research, we determine how sugarcane
responds to the infestation of froghopper nymphs, in
terms of leaf and root total phenolics.
MATERIAL AND METHODS
Trials were set in greenhouse under controlled
conditions (T = 22 to 33ºC; RH = 50 to 60%).  Two, one-
bud seed pieces were planted in 15-L plastic pots (30 cm
in diameter) and watered daily to field capacity. To pro-
vide a moist environment with stable temperature to the
froghopper nymphs, each pot was covered with 65 g of
sugarcane straw (corresponding 9 t ha-1) 18 days before
the first infestation.
The experiment was set in a 3 x 2 x 4 factorial
scheme, completely randomized design (n = 3), with in-
festation levels, sugarcane cultivars and sampling times
as factors. Treatments within each factor were as follows:
• Infestation levels: 0-0, 2-4 and 4-8 nymphs per pot (first-
second infestation, respectively).
• Sugarcane cultivars: SP 80-1816 (susceptible) and SP
86-42 (resistant, data not shown).
• Sampling times: 74, 101, 130, and 154 days after plant-
ing (dap), corresponding to 0 and 28 days after the first
infestation and 16 and 31 days after the second infesta-
tion, respectively.
Data were submitted to ANOVA and means com-
pared by Tukey test (a = 0.1) using the software SAS
(SAS Institute, 1999).
Production of nymphs and infestation
Froghopper nymphs were produced as recom-
mended by Garcia (2002). The infestation of second in-
star nymphs was performed with the help of a #4 brush
at 73 and 123 dap, at rates of 0 (control), 2 and 4 nymphs
per pot, and 0, 4 and 8 nymphs per pot, respectively. To
isolate the effect of leaf-sucking adults, pots were cov-
ered with a 100-mesh nylon net right after the first in-
festation. Starting ten days after the first infestation, pots
were monitored daily and all adults found were
immediatelly killed.
Extraction and analyses of phenolic compounds
Leaves +1 (Küijper system, Dillewijn, 1952)
lacking the midribs were immediately frozen in liquid N2
after harvesting. Samples of younger roots (10 g) were
gently washed and carefully dried in paper towels before
freezing.
Leaf and root aliquots (4 g) were cut into 50 mm
pieces and stirred with 30 mL of acidified methanol (1%
HCl) for 12 h at 4ºC. The extract was filtered in Whatman
paper # 42 and diluted 10 ´ and 15 ´ (extraction solu-
tion) for leaf and root samples, respectively. Samples of
500 mL were added to 2.5 mL of the Folin-Ciocalteau’s
reagent (diluted 10 ´ in distilled water) and 2 mL of
Na2CO3 (7.5% w/v). The mixture rested in warm water
bath (45ºC) for 15 minutes. The absorbance at 765 nm
was then read in a Shimadzu UV mini 1240 spectropho-
tometer. The rate of total phenolics was expressed in cat-
echin equivalents per gram of fresh weight.
RESULTS AND DISCUSSION
The infestation with froghopper nymphs stimu-
lated the production of phenolic compounds in root tis-
sues (Figures 1.1, 1.2, 1.3). The level of phenolics was
significantly higher in attacked plants (Figure 1.1). This
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result is consistent with previous experiments, which
found increased phenolic production response in other
plant species driven by pest infestations (Bi et al., 1997;
Ghumare & Mukherjee, 2003).
Changes in the amounts and types of phenolics
occur in both resistant and susceptible sugarcane geno-
types in response to whitegrubs (Coleoptera:
Scarabaeidae) (Nutt et al., 2004). In this study, the sus-
ceptible cultivar SP80-1816 has shown to be more re-
sponsive (Figure 1.2), an indication that increasing phe-
nolic production is related to the stress caused by frog-
hopper damage. During plant cell death, the vacuole
content with many phenolics and proteinases is released.
When these proteinases break down other proteins, they
release the aromatic amino acids phenylalanine, tyrosine
and tryptophane, which account for some of the pheno-
lics content (Buchanan et al., 2000). Since SP86-42
showed fewer symptoms, it is likely that nymphs did not
develop as well as in the cultivar SP80-1816, maybe due
to non-phenolics-based response of SP86-42.
Plants accumulating higher rates of phenolics
tend to inhibit herbivore development (Ghumare &
Mukherjee, 2003; Beninger et al., 2004). However, in this
study, more stress symptoms were found in the cultivar ac-
cumulating higher amounts of phenolic compounds (SP80-
1816). The autumnal moth (Epirrita autumnata) larvae de-
veloped better in intact branches of previously-attacked
mountain birch (Betula pubescens) leaves, indicating sys-
temic-induced susceptibility (Lempa et al., 2004).
In roots, the highest rates of phenolics were found
in samples taken at 28 and 31 days after the first and sec-
ond infestation, respectively, when nymphs were reaching
the adult stage. The decrease from the second to the third
sampling may be due to the 22-day period in which plants
were kept free of M. fimbriolata stress, because nymphs
from the first infestation had become adults. The low rate
found at the third sampling may be explained by the fact
that the second infestation had just been performed, and
the voracity of second instar nymphs is low (Horsfield,
1978). Nutt et al. (2004) reported inducible changes in the
amounts and types of phenolics in sugarcane roots infested
with whitegrubs. These changes do not follow a pattern,
and are therefore useless as markers in breeding programs.
The rate of leaf phenolics was also higher in in-
fested plants. However, the level 2-4 nymphs per pot was
not statistically different from control plants, showing that
the response is not as expressive as in root tissues (Fig-
ure 2.1). The increased production in leaves of infested
plants is an evidence of a systemic response of sugarcane
to the root sucking nymphs.
The sugarcane cultivar SP86-42 produced higher
amounts of phenolic compounds in leaves, but there was
no correlation with the infestation levels (Figure 2.1).
Since in field conditions this cultivar is not often infested,
its naturally higher amount of phenolics may be respon-
sible for a non-preference mechanism.
The levels of phenolic compounds decreased over
time in leaf tissues (Figure 2.3). Since this behavior was
observed in both control and infested plants, it seems to
be a result of metabolic changes during plant aging. Simi-
Figure 1 - Accumulation of phenolic compounds in root tissues; 1
- Effect of infestation levels; 2 - Effect of the cultivars
within infestation levels; 3 - Effect over the samplings.
In 1.2, capital letters compare means vertically and lower
case letters compare means horizontally.
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lar results in tissues that were not attacked by
Phytophthora capsici in Capsicum annuum were reported
by Gayoso et al., (2004). This is an indication that the
rate of total phenolics in leaf tissues is not very useful to
detect the responses of plants to M. fimbriolata nymphs
infesting roots.
Even though there is an increase in the amount
of total phenolics in sugarcane infested with root-suck-
ing nymphs of M. fimbriolata, this parameter does not
seem to be useful to detect resistance in breeding pro-
grams, which is accordance to Nutt et al. (2004). Further
characterization of the types of phenolic compounds that
are induced might indicate if there is a phenolic-based
resistance to sucking insects.
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Figure 2 - Accumulation of phenolic compounds in leaf tissues; 1 -
Effect of infestation levels; 2 - Effect of the cultivars; 3 -
Effect over the samplings.
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